from Sigma Aldrich. Ketjen black ® and PTFE were combined with an isopropyl alcohol/water mixture to produce a slurry. This slurry was coated onto a gas diffusion layer (TGP-H030, Toray Co.) and dried at 150 °C under vacuum to produce the cell cathode. The typical loading of the KB in the cathode electrode was ~0.5 mg/cm 2 .
Coin-type Li-O 2 cells with a top SUS mesh were assembled in an argon-filled glove box (MBraun, H 2 O & O 2 <1 ppm) for subsequent battery experiments. The Li-O 2 cell was composed of a Li metal anode, a glass microfiber membrane separator, and a KB cathode. The coin cell was inserted in a cell holder with two attached SUS capillaries (outside diameter: 1/16 inch) for gas to flow in and out of the cell. The cell holder with a Li-O 2 coin test cell was transferred from the glove box to a battery cycling test system with gas capillaries tightly capped. In the cycling test system, high-purity oxygen gas (>99.999%) was fed through the inlet capillary attached to the upper side of the cell holder into the KB cathode. The gas exited from the cathode through a second capillary (outlet) that allowed the exhausted oxygen to flow from the cell. The oxygen pressure on the cathode was maintained at ~1.5 bar during the cell cycling, with the inlet capillary kept open and the outlet closed. The cycling of the Li-O 2 cells was controlled by a VMP3 potentiostat (Biologic Science Instrument). In a typical Li-O 2 cell cycle, a current of 200 mA g c -1 (g c : weight of KB in the cathode) was applied for 5 h for both the discharging and charging of the cell with a cut-off potential of 2.0 V for the discharge and 5.0 V for the charge. All the potentials reported in this paper were displayed relative to the voltage of the Li/Li + couple, unless otherwise stated.
In situ differential electrochemical mass spectrometry (DEMS) analysis
The consumption of O 2 during the cell discharge, and evolution of O 2 and other gaseous products during the cell charge were quantitatively measured using in situ DEMS analysis. The pressure drop in the hermetically sealed Li-O 2 cell during discharge was recorded to quantitatively measure the quantity of oxygen consumed.
Following discharge, the oxygen in the cell was flushed out and replaced with argon.
During the charging process, any evolved gases in the isolated cell were accumulated during a programmed interval (e.g., 10 min) and were then transferred by argon carrier gas into the mass spectrometer to identify and quantify the gases. The quantity of the gases was determined by comparing the intensity of the peaks of the gases recorded by the mass spectrometer analysis to the intensity of MS peaks generated by carrier gas argon.
Several of the parameters measured by the DEMS analysis are defined as follows.
The discharge oxygen efficiency (η O2, dis ) is the ratio of the quantity of O 2 consumed during cell discharge compared with the amount of O 2 consumed in an ideal discharge reaction as represented by, 2Li
The charge oxygen efficiency (η O2 , ch ) is the ratio of the quantity of O 2 evolved during the charging of the cell compared with that in the ideal charge reaction, (Li 2 O 2 → 2Li + + 2e -+ O 2 ). The CO 2 gas ratio (r CO2 ) is defined as the amount of CO 2 produced on charge normalized to the quantity of O 2 produced in the ideal charge reaction. Energy efficiency (η energy ) on cycling is defined by the energy (energy is the product of current-time and potential) produced during discharge to the energy consumed during charge.
Linear sweep voltammetry (LSV)-DEMS analysis
The Li-O 2 cells containing a Li metal anode, an electrolyte-soaked separator, and the KB cathode were assembled in an Ar-filled glove box and then used for LSV-DEMS 
Characterization methods
After discharge or full cycling, the cells were disassembled, and the cathode was washed with fresh acetonitrile to remove the electrolytes, and then dried in an Ar-filled glove box. To avoid exposure to air, the cathodes were packed under Ar atmosphere before being transferred to the scanning electron microscopy (SEM) chamber, or sealed with a polyimide tape for X-ray diffraction (XRD) measurements. The surface morphology of the cathode was observed by FE-SEM (Tescan Mira 3 LMU FEG, Philips). XRD analysis of the cathodes was performed using an Ultima diffractometer (Rigaku) with a graphite monochromatized Cu Kα source (λ = 1.5406 Å). The XRD patterns were indexed using the JCPDS database. 
